is the region of apparent perfect diamagnetic behavior, 6 which extends to 470 G, '• where flux begins to enter. Then the magnetization follows a roughly parabolic cu1·ve until at about 8 kG a flux jwnp occurs. This is a discontinuity in the magnetization curve that is associated with the evolution of heat, 7 presumably a.a the result of eddy-current losses in the normal regions of what must be a kind of inter .. 
a rn (1) He1·e Hm is the sum of the remnant magnetization field Hr, and the induced mag .. 
= axial coo1·dinate as measured from the center of the coil ..
The history dependence o£ the remnant magnetization M , and the induced. The dependence of -·'hrM 1 on Ha. as determined from step 3 is given in Fig. 4 .
The bars indicate the pt:obable e1·ror. which is seen to increase strongly at higher fields. This increase is due to the poor regulation of the magnet power supply and to the increasing difficulties with nonuniformity of H over the length of the coil. a
The results& however, seem adequate to indicate the general nature of the magnetization curve.
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The initial slope co:~.·responda to nearly complete excluaion of flux from the winding volwne. This is somewhat surprising, since the ratio of auperconductor volwne to winding volume (>,)is 0.602., and it is certain that the measurement would detect flm= corresponding to this value of ~. The experimental data indicate that the appropriate value of ).. is :nore nearl'Y 1. This n1uat be due to the shielding of a. wire by the wires above and below so that flux can thread the coil only parallel to the axis between the layers. The ratio between the layer-to-layer distance and the diameter of the superconductor is 0.90& a mo1·e appropriate va.lueo There is a deviation from the ~ = 1 line at app1·oxima.tely 1 kG, and the magnetization curve peaks at approximately Z.l kG. where -4'ffM 1 = 1. 5 kG. Beyond this value the slope reverses sign and approaches the Ha a.xif!i! with a decreasing negative slope.
The higher-field points are seen to be scattered, and a discontinuous behavior (see Fig. 1 ) may be concealed in the noise. The solid line is the approximation to the data used in calculating the deviations from classical behavior in the self-excited case. The peak at 2.. 1 kG is at t·oughly one -hal£ the lowest observed value o! the first discontinuity in the magnitization curve for zero demagnetizing factor. 6 This is consistent with the notion that the field s.een by a diamagnetic cylinder in a transverse field is twice the applied field at its surface. Although it should be pointed out that the field at the surface of the wh:·e in the coil is certainly not as large as for an isolated transverse cylinder, the factor of two may be fortuitous and may be related to a size-dependent magnetization of the kind suggested 12 by Bean.
The results from step 5 are used in the same way to plot a magnetization curve (Fig. 5 ) which describes the history dependence of the remnant moment M . • -7-UCRL-10854
1. 5 kG. This is the same value as the maximum in the -4TI'M 1 curve. This is not unexpected, as it would seem that the defect structuxe would trap 1·oughly the same field as it excludes. The value of H at the maximum is roughly twice the value of a
Ha at the maximum of the -4TI'M 1 curve. This is reasonable, since if field is excluded, there is no field to be trapped. At the value of H fo1· the maximum in a Fig, 4 , the shielding currents can no longer increase, therefore field is permitted to leak in and consequently be trapped. The maximum occurs when Ha has been raised to twice the H for maximum shielding. The oscillation indicates that some a !lux jumping is occurring and, at least at lower fields, sizeable volumes of the coil are· jumping at the same field. Again the solid curve is the approximation used to calculate H(z) in the self-excited case.
As a test of the assumption that M is constant over the coil and parallel to r .
. the z axis, Eq. (4) was used to calculate the z dependence of H ; the calculated m points are plotted on the continuous experimental curve in Fig. 6 . The Ha waa raised to 40kG and reduced to zero. The agreement is quite good generally. There is some deviation at the ends, but this can be accounted for in tel'ma o£ the variation of H in magnitude and direction over the coil volume.
a Self-Excited Case
In a similar way the history dependence of Hr(z), the remnant field in the bore of the magnet, was determined for the self-excited case; i.e. , current flowing in the windings that 1·esults 'in H (z). A typical H (z) curve is exhibited in Fig. 7 . H ; and H +, the peak in the direction of H • The measured behavior of these a r a fields as a function of magnet current is given in Fig. 8 as the discrete points. The solid lines give the results of a calculation based on the uniform-field case. Fig. 5 .
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The calculation was performed by dividing the coil-winding volume a;dally and radially into 100 ring-shaped volumes o£ equal be useful in estimating the magnitudes of these effects for a particular magnet.
The dependence of the self-!ield H(z) on magnet current (I) was inveotigated in a manner analogous to that for the uniform-field case. except that the current was not turned off between each measurement; ice. 9 step 4 was eliminated.
Three cases were studied: The detailed calculation of the magnitude of this effect in a particular magnet is UCRL-10854
involved, and precise calculations would seem to be rather difficult and uncertain because they would be based on a magnetization curve whose discontinuities depend on position, amplitude, and such difficult-to-handle parameters as history, cold wo1·k~ rate oi rise o:C H • and shape. In the wo1·st case, in which most of the wire a had just "jumped" and therefore was acting strongly diamagnetic, .ol-1(0)/ AI for this magnet according to Eq. (5) The dashed curve has the same significance as before. The contribution of tho remnant field (Fig. 7) is clearly evident. The calculated cut·ve takes account of both remnant field and induced field., thus:
H=H +H +H • a.
I, calc r. calc (6) As with all polarization effects, it is necessa:t·y to go to long magnet lengths to minimize H effects; i. e., 1· .,/ £ < < I. In fact, it is clear that H 2 )]~ 2 Ha.. In the self-excited case the result is not so simple, but it is clea1· that H will be an important contribution rn to the field in t.he bore of short magnets.
RELA.TED MEASUREMENTS
The critical current, lc 9 of a. short sample o! the wire making up the coil was meuured as a function of applie1d transverse magnetic field. The lc is de£ined as the current at which the first meJlSUl·able resistance appears. The measurement was made at 4.2.
•K in a manner equivalent to that reported by the author in an eadier paper. 14 The results are given in A nonvirgin coil after reversal of current; -calculated curve for virgin case. FigG llc Ie vs Ha for a short sample of the wire used in the magnet .
• Qmeaeured points; ----2.532. kG/A line; maximwn critical current of coil. 0 measured points.
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Field increasing- This report was prepared as ~n account of Qov~rrtment ~ponsored work.
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